Abstract The objectives of this study were to understand how different types of barriers to adherence to antiretroviral therapy (ART) were related and their differential impact on objectively measured adherence over time. Data from 151 patients taking ART were used to describe four sub-types of self-reported adherence barriers: medication and health concerns (MHC), stigma (S), family responsibilities (FR), and problems with schedule and routine (PSR). Generalized linear models with generalized estimating equations (GEE) were used to examine the impact of barriers on adherence over time. The sample was 23 % female, mean age 42 years, with 26 % African-American and 20 % Hispanic. The overall average adherence was 73 %. Patients reported at least one PSR barrier in 66 % of study visits, MHC in 40 %, S in 17 %, and FR in 6 %. In 40 % of visits, patients reported two or more barrier subtypes. There were statistically significant (p B 0.05) decreases of 3.9, 2.5, and 2.4 in percent adherence, for MHC, PSR, and S, respectively, per unit increase in barrier score. Interventions to address different types of patientidentified barriers to ART adherence using targeted approaches are needed.
Introduction
Adherence to antiretroviral therapy (ART) is critical to viral suppression and maintaining health status and quality of life among patients living with HIV [1] . Research has repeatedly shown, however, that many patients struggle with achieving and/or maintaining optimal adherence [2] . Given that treatment with ART is long term and lifelong for most patients, it is critical to understand what barriers patients face in adhering to ART over time in order to design interventions that best promote and maintain adherence.
There is a large body of research examining the correlates and predictors of adherence among patients in the US, detailed in several reviews [3] [4] [5] . However, although a number of mostly cross-sectional studies have examined patient-identified barriers to adherence [2] , results have been primarily descriptive in nature and there has been less research to understand how different types of adherence barriers are related to one another. Several qualitative studies have addressed this gap by describing broad categories of barriers including patient characteristics and health beliefs, the healthcare provider-patient relationship, the healthcare system, and issues related to the medication regimen [6] [7] [8] [9] [10] [11] [12] [13] . Also frequently cited by patients and researchers are stigma and the social environment within which the patient lives [14] .
There is limited quantitative research, however, on how self-reported barriers relate to one another, how they may change over time, and how they differentially predict objectively measured adherence. This additional information about patient-identified barriers is critical for clinicians to understand if they are to provide effective and efficient counseling to their patients using ART. Understanding how barriers relate to each other is important because patients who report one kind of adherence barrier may also report other seemingly unrelated barriers. Knowing if and how barriers change over time helps to determine how often assessment of barriers is needed and whether it is necessary to fully explore all potential barriers at each patient visit. If certain barriers are more strongly related to adherence, it may be worth prioritizing these concerns during adherence counseling.
The objective of this study, therefore, was to examine self-reported barriers to adherence among patients currently taking ART. The four main goals of this analysis were to: (1) determine the frequency of different types of barriers identified by patients, (2) examine how different types of barriers were correlated and how often patients reported multiple types of barriers, (3) determine whether barriers changed over time, and (4) estimate the impact of barriers on adherence. Related to this final goal, we examined the impact of both the type and frequency of different self-reported barriers on objectively measured adherence to ART.
Methods

Study Sample
Data for the current study were from a randomized controlled trial of an intervention that provided short adherence reports at routine visits to clinicians in order to increase patient adherence through improved dialogue with providers about adherence behaviors. Details about the study are provided elsewhere [15] . Briefly, patients were recruited from two academic medical centers, a community health center, a general medicine practice, and a private infectious disease practice in the New England area. Eligibility requirements included current use of ART, detectable HIV-RNA at the most recent clinical visit, willingness to use an electronic pill bottle cap for monitoring ART use, and fluency in English. Enrollment occurred between November 2002 and January 2005. Participation in the trial included a baseline visit and five additional visits, with randomization occurring at the third visit. The intervention was found to have no impact on adherence [15] . Assessment of adherence barriers occurred at the randomization visit and each subsequent study visit.
Study Measures and Data Collection
Data presented here includes socio-demographic and other patient characteristics, self-reported barriers, and adherence data from randomization through the final study visit. Socio-demographic information was collected by interviewer-administered survey and included sex, age, race/ ethnicity, education, employment (prior 30 days), and sexual identity. Additional information was collected regarding risk behaviors including frequency of alcohol in the prior 30 days, history of drug use (i.e., ever used cocaine, heroin, amphetamines, Ecstasy, G, K, or methadone), HIV transmission risk factors (i.e., sex with a man, sex with a woman, injection drug use, other), and current homelessness. Depression in the prior 30 days was assessed using the primary care screener for affective disorder (PC-SAD) [16] . Time on ART was assessed by selfreported length of time on the current ART regimen.
A literature search was conducted to identify existing measures of barriers to adherence to ART. Questions regarding barriers to ART adherence were taken primarily from the AIDS Clinical Trials Group assessments. Items consisted of statements that participants were asked to score how often a given barrier had prevented them from taking their ART in the prior 30 days according to a 4-point scale where 0 indicated ''never,'' 1 indicated ''rarely,'' 2 indicated ''sometimes,'' and 3 indicated ''often.'' We performed cognitive testing on all survey items prior to their first administration in the study.
Items were organized and categorized into four broad types of barriers a priori: medication-specific concerns, health and well-being concerns, social environment, and problems with schedule and routine. In order to examine the hypothesized sub-types of barriers and determine how to group them for comparative analysis, factor analysis with orthogonal (varimax) rotation was conducted on 23 items. From this initial factor analysis, four factors were identified with eigenvalues greater than 1. Factor analysis was repeated specifying four factors. We specified a priori that items with factor loadings of 0.40 or higher and uniqueness values of 0.80 or below would be included as items in the sub-scale. Two items did not load on any factor and were therefore excluded from future analysis, leaving 21 items. The four factors confirmed the hypothesized categories with the following exceptions: the medicationspecific and health and well-being categories were combined into one factor and the social environment items were split into two factors separately representing stigma and family responsibilities. In addition, one item hypothesized to be in the problems with schedule and routine group (problems taking pills at specified time, with meals, on empty stomach, etc.) loaded onto the medication and health concerns factor. The results of this analysis left us with the following four factors: medication and health concerns, stigma, family responsibilities and problems with schedule/routine. Table 1 presents the individual items within each subscale and the reliability measures for each of the four identified factors. The internal consistency of three of the measures ranged from good to acceptable, with Cronbach's alpha scores of 0.86 for problems with schedule and routine, 0.86 for medication and health concerns, and 0.75 for stigma. The alpha for family responsibilities was borderline acceptable at 0.62. It is important to note, however, that many patients without partners or children responded ''not applicable'' to these items since the statements referred specifically to these types of family members. In addition this factor contained only 2 items, decreasing the reliability rating. Therefore, we retained the family responsibility sub-scale in the analysis for exploratory purposes only. We created summary scores by totaling each item score within each sub-scale. Since the sub-scales had different numbers of items, scores were rescaled to correspond to a 0-10 scale in order to increase comparability across sub-scales.
Adherence was measured using electronic monitoring. For one chosen medication for each patient, the Medication Event Monitoring System recorded the date and the time of each bottle opening. We limited monitoring to daily or twice daily regimens. The medication within the regimen was selected for monitoring according to the following prioritization: protease-inhibitors, non-nucleoside reverse transcriptase inhibitors nucleoside/nucleotide reverse transcriptase inhibitors. Adherence was summarized as covered time, calculated as the percent of the time in an interval that was covered by medication. Uncovered time began accumulating in the interval 3 h following the expected next dose (i.e., 27 h for once a day medication and 15 h for twice a day). Adherence was expressed as a percentage and calculated as the total minutes in the 30 days prior to a study visit minus the number of uncovered minutes in the same interval, divided by the total minutes in the interval 9 100. Statistical Analysis
The unit of analysis was the study visit. Standard descriptive statistics were used to characterize the sample, examine the frequencies of the items in each sub-scale, the mean barrier scores overall and at each visit. We examined the frequency of each reported barrier by creating dichotomous variables to indicate whether any barrier within the sub-scale had been reported at the study visit. We examined the frequency of reporting any barriers using stacked bar charts. To examine overlap in reporting of each type of barrier, we then generated a variable to determine whether the individual had reported any barrier on any other subscale. We plotted the number of reported types of barriers (ranging from 0 to 4) using bar charts. The correlations between average sub-scale scores were examined using Pearson's correlation coefficients to further determine how types of barriers were related to each other. To determine whether there were changes in barriers over time, we examined visit-to-visit changes in whether or not individuals reported any of the barriers in each sub-scale using logistic regression with generalized estimating equations (GEE) to account for correlation of repeated measures over time.
We fit generalized linear models with GEE to examine the effect of each barrier type on adherence. Adherence was modeled as a continuous variable from 0 to 100. Each barrier was included in models as a continuous variable representing the total sub-scale score, with scores transformed to 0-10. Age in years and duration on ART in months were included as continuous variables. Depression was also included as a continuous variable ranging from 0 to 9, representing the number of depressive symptoms reported on the PC-SAD. Race was included as a dummy variable with the following categories: Asian, Black (nonHispanic), Hispanic, Other, and White was the referent group. Highest educational attainment was included as a dummy variable with the following categories: grade school, college, graduate/professional school, and completion of high school as the referent group (this group was the largest). Sex (female vs. male), alcohol use (daily/ nearly daily/3-4 times per week vs. less frequent), drug use (any vs. none), and intervention group assignment (treatment vs. control) per visit were included in the model as dichotomous variables. Time was included as a fixed factor representing four study visits with the last visit as the reference group.
We first fit a base model including study visits and intervention group to account for the study design and potential confounders including socio-demographic characteristics (i.e., age, sex, race/ethnicity, educational attainment, employment), risk behaviors (i.e., alcohol and drug use), mental health status (i.e., depression), and time on ART. Type-3 P-values were used, with values less than or equal to 0.05 indicating statistical significance. In final adjusted models, we retained any variable that was found to be statistically significant (p B 0.05) in the base model. We then conducted unadjusted and adjusted models for each barrier sub-scale separately.
Results
Sample Characteristics
The study sample included 151 patients with 503 study visits. Although 156 patients were randomized in the trial at the third study visit, 5 patients were excluded from this analysis because they did not have adherence data available. Twenty-three percent of the sample was female with a mean age of 42 years [standard deviation (SD) = 7.6 years]. Nearly half of the sample was white, with 26 % AfricanAmerican, 20 % Hispanic and the remaining another race. Fifty-one percent had a high-school education, with 43 % having college level education or beyond, and 6 % a grade school education. Fifty-seven percent reported sex with a man as an HIV transmission risk factor, while 13 % reported sex with a woman, 14 % reported injecting drugs, and 16 % reported other risk factors. Six percent were homeless and nearly one-third of the patients were employed. Twenty-four percent of the sample had five or more depressive symptoms out of 9 items. The average duration of time from randomization to the final study visit was 228 days (SD = 104 days). The average time on ART was 18.8 months (SD = 20.7 months) at randomization. The average adherence summarized across all study visits was 73 % (SD = 30).
Frequency of Self-Reported Barriers Table 1 presents the frequency of each response (i.e., never, rarely, sometimes, often) for each item within each barrier sub-scale type. When considering each item separately, at the majority of visits, most patients reported not having experienced barriers in the prior 30 days. The items in the problems with schedule and routine sub-scale were the most frequently reported, followed by medication and health concerns, stigma, and family responsibilities. Figure 1 displays the frequency of reporting any barrier within sub-scales summarized over all four study visits. For the medication and health concerns sub-scale, at least one of the barriers in this sub-scale were reported in nearly 40 % of study visits. The stigma and family responsibilities barriers were least frequently reported, at 17 and 6 % of visits, respectively. In 66 % of study visits, at least one schedule and routine barrier was reported.
The average total scores for each sub-scale, transformed to a 0-10 scale, are also presented in Table 1 . Overall the mean medication and health concerns score was 0.9 (SD = 1.7). The means of the stigma and family responsibilities scores were lower, 0.5 (SD = 1.5) and 0.2 (SD = 1.0), respectively. The mean problems with schedule and routine score was 1.4 (SD = 1.6). The average scores by study visit were similar to the overall mean scores (data not shown). Figure 2 shows the frequency of concurrent reporting of each barrier type. Individuals who responded with any response other than ''never'' to any item within each subscale were considered to have experienced that type of barrier in the prior 30 days. In approximately one-third of the study visits, none of the barriers in any sub-scale were reported. During another third of the visits, at least one type of barrier was reported. During nearly 25 % of visits, patients reported at least two types of barriers, while three types of barriers were reported in 13 % of study visits, and four types in 2.4 % of visits. Table 2 presents the correlation coefficients between each of the four sub-scales. Each sub-scale was moderately correlated with the other sub-scales. The correlation between the medication and health concerns and stigma, family responsibilities, and schedule and routine were 0.49, 0.32 and 0.55, respectively. The correlation between stigma and family responsibilities and schedule and routine were 0.28 and 0.47, respectively. The correlation between family responsibilities and schedule and routine was 0.36. All p values for the correlation coefficients presented were p \ 0.0001.
Relationship Between Barrier Types
Change in Barriers Over Time
The results of the analysis comparing changes in barriers from each sub-scale from one visit to the next using logistic regression with GEE demonstrated no statistically significant differences (p B 0.05) in scores over the four study visits (data not shown).
Impact of Barriers on ART Adherence
In the base adjusted model (data not shown), only depression was statistically significant (p B 0.05), therefore all subsequent models included only the barrier subscale score, depression, the indicator variable for study visits, and intervention group assignment. Table 3 presents the results from the unadjusted and adjusted repeated measures models examining the impact of each barrier type on adherence. Coefficients represent the change in adherence, measured as percent covered time, per one unit increase in the total sub-scale score (scaled to 0-10). For each of the sub-scales, an increase of one unit in the summary sub-scale score was associated with statistically significant reductions in medication adherence, however this difference was not statistically significant (p = 0.26) Schedule Problems (9 items) no barrier at all at least one barrier for the family responsibilities sub-scale. Each point increase on the medication and health concerns sub-scale was associated with an almost four percent decline (y = -3.93, 95 % CI -6.10 to -1.76) in adherence in adjusted models. Increasing scores on the stigma (y = -2.35, 95 % CI -4.12 to -0.59) and problems with schedule and routine (y = -2.45, 95 % CI -4.49 to -0.41) sub-scales were both associated with more than a two percent decline in adherence.
Discussion
There were several important findings in this study. First, the reporting of individual items was infrequent and patients had low barrier scores overall. This suggests that most patients currently taking ART have limited self-perceived and self-reported barriers to adhering to ART medication regimens. However, it is important to understand even limited barriers to ART adherence, as patients who disrupt treatment for even short timeframes due to occasional barriers face the possibility of reducing viral suppression over time as well as introducing the potential for viral resistance [17, 18] . By quantifying and categorizing the frequency of different types of barriers, this study builds on the existing qualitative literature which has described broad categories of barriers including patient characteristics and health beliefs, issues related to the medication regimen, and the social environment and fear of stigma [6] [7] [8] [9] [10] [11] [12] [13] [14] . Second, although patients had low barrier scores overall, we also found that patients reported all types of barriers and commonly reported more than one type of barrier. During approximately 70 % of study visits patients reported at least one barrier, while they reported two or more types of barriers in 40 % of visits. These results suggest that future research on patient-identified barriers to adherence should examine barriers within several different categories. The observed correlations between the sub-scales suggested that they measured related but distinct challenges to adherence among patients. Clinicians should consider more exhaustive assessments of barriers to ART adherence. Patient-identified challenges in one area do not preclude problems in other domains.
Third, self-reported barriers did not change over time in this study. While we acknowledge that challenges patients face in adhering to ART are fluid and dynamic in nature [12] , this study did not demonstrate marked changes over time. However, it is important to note that while this study is one of the first to examine patient barriers longitudinally, the duration of the study interval may not have been long enough to capture the changes in barriers we would expect to see among patients currently taking ART. In addition while this study examined barriers among patients taking ART for an average of 18 months, it is possible that the experience of barriers and different types of barriers changes with the duration of time on treatment. Additional research examining different types of barriers over longer timeframes is needed to fully characterize how patient barriers evolve over the course of treatment.
Finally, we found that different types of self-reported barriers to adherence were associated with statistically significant reductions in objectively measured adherence among patients currently taking ART. With each increasing point on each barrier sub-scale except for family responsibilities, there were corresponding decreases of 2-4 adherence percentage points. Medication and health concerns were associated with an almost two-fold greater decrease in adherence compared to stigma.
Previous research has examined ''intentional'' and ''unintentional'' barriers to patient adherence. Intentional barriers have been characterized as deliberate decisions on the part of patients not to adhere to medications, whether altering the schedule of doses or to stop taking medications altogether, while unintentional barriers are considered ''mistakes'' that are not purposely made [19] . Although this classification system may assist researchers in parsing out patients who accept their HIV diagnosis and are committed to their regimens from those who are not engaged with treatment [20] , in our opinion this dichotomy may oversimplify patients' psychosocial processes related to medication adherence. Patients who may be defined as having ''unintentional'' barriers to adherence may also have other important issues that would be overlooked should concerns a Unadjusted models included barrier sub-scale, time (study visit) and intervention assignment; Adjusted models included barrier sub-scale, time (study visit) and depression (score of 0-9 on PC-SAD) b Family responsibilities sample size is smaller (N = 421) since there were N/A responses for questions related to family members about forgetfulness and intentionality be placed at the forefront. At the same time, patients with ''intentional'' barriers may be interacting with social forces that constrain their behaviors. Still, we characterized the barriers that would be considered ''unintentional'' largely as interruptions to schedule or routine.
In fact the barriers in the schedule and routine sub-scale were the most commonly reported by patients, a finding that confirms other research on patient-identified barriers to adherence [2, 8, 21, 22] . However, despite their relative common occurrence in this sample, barriers related to schedule and routine did not lead to the largest reductions in adherence. Barriers related to concerns about medications and health had a larger overall impact on adherence in this study. Again, interventions designed to improve adherence among patients currently taking ART should focus on assisting with issues specifically identified by patients as barriers to achieving optimal adherence.
The main implication of this study is that patientidentified barriers should be addressed with different types of interventions and counseling [23] . Recently reminders and cues via mobile text messages were shown to promote adherence [24] . It is possible that the largest improvements were among those with interruptions in schedules or routines and it is unknown how this type of intervention may be perceived by participants with concerns about their medications or fears related to stigma. Additional research is needed to examine how different types of interventions may be targeted to the specific needs and barriers of patients during the course of their engagement with ART.
Because barriers to ART adherence are multi-dimensional, providers who assess one or two given items will overlook many other types of patient concerns, which may be reported less frequently, but have a greater impact on adherence. Because comprehensively assessing barriers during medical visits is time consuming, pre-visit assessment tools for barriers to adherence may be useful. Patient self-reported assessments have been used successfully by HIV care providers to identify patients with non-adherence to HIV medications, as well as other issues such as depression, risk behaviors and substance use [25, 26] . However we know of no studies that have examined previsit assessments of barriers to adherence. A pre-visit assessment is a low-cost, easily implemented, and quick strategy that can be used by providers to help frame conversations with patients and focus counseling and intervention on issues that are most relevant to the patient. Ideally this type of tool would also allow for interventions to ameliorate barriers to adherence prior to viral failure or other clinical events. Additional research is needed to evaluate the utility and impact of pre-visit screening tools for barriers to adherence among patients taking ART.
The adherence barrier items successfully measured four types of patient barriers to ART. The factor analysis results presented here should be considered exploratory. Additional work is needed to confirm these assessments, as well as to further establish the reliability and validity of the measures through additional testing with different samples and the examination of the barrier types with respect to other factors known to be related to patient medication adherence. Still, administering these items to patients may be a useful and efficient strategy for clinicians to guide their counseling and referrals for support services.
There is a well-documented relationship between depression and adherence to ART [27, 28] . This study confirmed that a higher number of depressive symptoms were associated with statistically significant decreases in objectively measured adherence. The results presented here add to the literature by demonstrating that four types of self-reported barriers did not confound the relationship between depression and adherence. Specifically, depression remained associated with adherence after accounting for four different types of self-reported barriers to adherence. This suggests that depressive symptoms may impact adherence to ART via different mechanisms than concerns regarding medication and health, stigma, family responsibilities, and problems with routines and scheduling.
This study had a number of limitations. There may have been some measurement bias in the assessment of barriers due to social desirability. Patients may have been reluctant to share their difficulties with the study interviewers, leading to underestimates of the reported barriers. We have no reason, however, to think that this bias would be differential with respect to the different types of barriers under study. The family responsibilities sub-scale was limited and considered exploratory in this study due to the small number of items and substantial number of respondents who considered the questions ''not applicable'' to their lives. Measurement error may also have been an issue for the assessment of adherence. Electronic monitoring of medication taking is not a perfect measurement tool [29] . For example, there is no guarantee that a patient opening the cap actually took the medication as directed. If patients systematically open their medication bottles without taking the drug, adherence may be overestimated. This paper also presents data collected between 2002 and 2005. Since then there has been significant development of ART regimens and medication-specific barriers may be different now from what is presented here. Future research on newer ART regimens is needed to determine the lasting impact of medication-specific barriers. Finally there were also concerns regarding the external validity of our results. Our findings may not be generalizable beyond the greater New England area, however sampling from patients currently in care across a wide variety of clinical practices potentially increased the external validity of the current study. In addition the sample included patients with varying risk factors for HIV acquisition including both sexual and drugrelated behaviors, potentially also increasing the generalizability of the results.
This study demonstrated that patient-identified barriers to ART adherence are varied and independently impact adherence behaviors. Future quantitative research is needed to confirm the types of barriers presented here among different patient samples outside the context of a randomized trial. Additional research is also needed to design and evaluate interventions to address the different types of barriers presented here, including the use of patient self-report assessments of adherence barriers in clinical practice.
